(I9)B*H*IW (J P) (12) & |fj ijgp f$ & ^ ( A ) OOtffrajSB&HaHi- 

#§§¥5-31938 



(43)&MB ¥$5^{1993)2.H9B 



{51)lntCl. s 




F I 




B 4 1 J 2/355 








9113-2C 


B 4 1 J 


3/20 114 B 






; 


«U# *ffl# Bf*S<0»l(^ 5 M) 




#^¥3-190082 


GTQfflWA 


000005201 










<22)fcB®B 


¥$3if(1991)7/330B 




**£/IIMMMM<1'?8210#fti! 








s» 








mS«5SEffi^^-Tg26#30^- g±¥ 














(74)ftJlA 





(54) i mm <o&w ] * - ? ? Kigifiiasg 



(57) im®] 

ism mumm-v^wmiite % *-kmm<p^ 

mm X \-a --/;<iV-A STBiiW U"</K& £ § , 
X-^DATA^-f l^UT'foh,tfANDlH]gg3 /j^/M" 
^HJitiJA Six, J; oTT r 4#£» LT3§» 

/A v, , v., k< tt-fcT'bZfrbMiitmu i± 
-fit * 19 , {t!ifr^figm^-T/j?jii;!R^t j,^ 5 ^0 

» i . - Mr!)- 
ni' > „ l • '1 L Z Lit^i < 




/mm £ * <s /c to o-)-A4v ^mwmmmm z tix 

[0 0 0 1] 

SKtcll-fS. 10 
[0 0 0 2] 

[0003] :»i?/j:f-7ywsy K£/Bir\fc:7jJ y 

#k*^t, ®mm*£mt>m®-tzttit><DwiiiL 20 
■hBfcfcttStt ceiTv -nfta^vfiiitiflrt-) 30 

[0 004] r. r-a*, _h$ L/c <t 5 &miR<E>£ffi£ 

5 sstf t> £i»±i-s ta^a* ommftte zti 

TI^S. 0§x.f4\ #llllg60-23062#^(Cf4, gift*© 

<D#mwB& at- c x %mmm*t®t 5 m-mm % 

«H£;h/t^<S„ 40 
[0 0 0 5] 

60-23062^+li:MMl6 h WttJ^Xtt, 'IKSXftS 



#ffl¥5-3 1 938 
2 • 

[0 00 6] 

iWMm&T 5fc©©¥&] ±fe© 1 ftfraft-fs tz 
-7- i: WE^JgBt^TSrJIII/^iia^ #5 ttb<F>*4 

[0 0 0 7] 

mm mmmmttmm/mnzitzx'f 
««asaaiFficH:-j&o«»#!aaL5o-T» x ssif?.© 

[0 0 0 8] 

wmz^-trnxh*) , at, 1 ttigfi^st^, 2(4 

^y^Ei^ 3(4AND@^ hy 

CKT, Trift) , 5tt£«BE^*— 
F\ v r 3 t 1 

[0 0 0 9] Hi OWJ&C&VT, ^ h n-7V^^ S 

tfANDEBS«»fe^ U~-SA*ffl*S*u :WUo 
TTr4*^LT«flJiSafflK4l«a5lx6. c:© 
Tr 4©Sm*8IS^h fc #+#*#VNfc-f$fcT 

Vz = Vbe + I»XRs -(1) 

rrTV, ttJ6«EE^^K5 0«KFHI«E, V ffi (4 

1 tiHiaAflfwt, Rs tt=sy*»ttti%i-. (1) 

*C*JV>-C, V z , v. , R s l4-ST*>5A»b, ji«f 
J f-lt(4-^mBft«f lSw -^ -iftStfib^CSri 

[00103 0 1 fd^-rMifci/vr, B«t«A-e*+tt 

M©me^->tT*fo5#-g-t{4 N H2t?S1-J;5ts H 
1 ©J£«EE*V K 5 6 tfti5 i 1 1fX% 5 
rti4^f,^rfc5 0 EP*3, a^;©S;[£*v» ktZb 
±|H© <l)3ttf3lflljcTe«>(2)*i«J*94o. 
V.=V, +I.XR, -(2) 

rci-e. v, , v« , r s tt-jre*>5i»6, i. (4- 
S fc 4 9 . ^fffifetS-? 1 1 tt-JtWfcwiBh, 5 i t iz 

[0011] ®3!4*^^©ffll©||«J©ffl^^^ril 
T?*>9, ^yf-H»2S:fM|ijafth9>'^^ (FE 



(3) #ffi¥5-3 193 8 

3 4 

^TttM-mttm: HT, ISJflftffcS. FET7 ^^@S§£«;i;fr4iJ;V^©l?;fc3 0 
»£ffi'^#tt&WLT^5©T\ ilffifl#{C^fi®^*-f [0 0 15] 

[0012J ®4H i j, "-'i i sfrww* t *ftSK?**& & tnub-*-* t * 5. 

tmX'h*), ^y^iaJS2ftTr4tFET80at3ai- [Hffifflfe^iKW] 

HSgT'«Lfcfre&5o LT, FET8fcJ:*>j0I [Hi] #^©|«'©#M£^!l^fc.5 0 
«@MSrMt3:tCJ:oT, M*B4$tffitt*?- [02] *^^©ffi£7)*M^©«^^[iTfe5o 

i o o 1 3 ] is inmmommomMmmfctk^ m 4 j *wji<Dmm<Dmmmmi%^i-mx& 

[0014] *B&«>*itflcotrvcttn Lfc i -%mmm, 2 y *H* v v„ -mm 



[El] 




2 



75W 




#M¥5-3 19 3 8 



(5) 



#PI¥5-3 19 3 8 




JP05-31938 



(11) Japanese Patent Application 

Laid-open (KOKAI) No. 05-031938 
(43) Laid-opened Date: February 9, 1993 

(21) Application Number: 03-190082 

(22) Filing Date: July 30, 1991 

(71) Applicant: FUJI PHOTO FILM CO LTD 

(72) Inventor: Yoshiki Iwase 

[ Title of the Invention] Thermal head driving circuit 

[ Abstract] 
[ Object] 

To significantly reduce unevenness of printing density with 
an inexpensive configuration. 
[ Constitution] 

When strobe pulse STB is at High level, High level is output 
from an AND circuit 3 if data DATA is at High level, which 
brings a Tr 4 into conduction to energize a heat generating 
resistive element 1. Assuming that the current amplification 
factor h fe of the Tr 4 is large enough, V z = V BE + I 0 x R s holds. 
Here, load current I 0 becomes constant because V z , V BE / and R s are 
constant, and constant electric current flows through the heat 
generating resistive element 1 totally irrespective of whether 
other heat generating resistive elements are energized or not, 
or whether there is a change in loss resulting from common 
resistance. Accordingly, there will be no occurrence of density 
unevenness . 
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[ Claim for the Patent] 
[ Claim 1] 

A thermal head driving circuit comprising an arrangement of 
a plurality of heat generating resistive elements and switching 
circuits for energizing and de-energizing said heat generating 
resistive elements, characterized in that said switching circuit 
has a constant current characteristic. 
[ Detailed Description of the Invention] 
[ 0001] 

[ Industrial Application Field] 

The present invention relates to a driving circuit for a 
thermal head. 
[ 0002] 

[ Conventional Art] 

In general, a printer having a thermal head and capable of 
printing multiple-tone images performs printing by supplying 
electric power to heat generating resistive elements which 
constitute the thermal head and developing a color on 
thermosensitive recording paper with joule heat generated by the 
heat generating resistive elements upon supply of electric power 
or transferring ink or dye on transfer paper onto receiver paper. 
Herein, printing includes printing of images. 
[ 0003] 

Such a printer using a thermal head employs a constant- 
voltage power supply as the power source for supplying electric 
power to heat generating resistive elements and attempts to 
uniform printing density by minimizing voltage variation. 
However, even with a constant-voltage power supply, a change in 
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load current causes transient variation of power supply voltage, 
and such variation of power supply voltage in turn manifests 
itself as variation of the amount of power supplied to the heat 
generating resistive elements. Thus, difference in printing 
density has been caused in pixels, which are supposed to have 
the same density essentially, to result in density unevenness 
between a case where there is a large number of heat generating 
resistive elements being energized and a case where there is a 
small number of them being energized. Also, a power supply wire 
for supplying electric power to heat generating resistive 
elements or a printed wiring inside a thermal head has 
resistance (hereinafter referred to as common resistance) , and 
there is also a problem that power supply voltage applied to the 
heat generating resistive elements reduces due to loss caused by 
the common resistance to result in unevenness of density. 
[ 0004] 

Thus, various proposals have been made for preventing 
density unevenness associated with such load variation of power 
supply as outlined above. For instance, Japanese Patent Laid- 
Open No. 60-23062 proposes to reduce unevenness of printing 
density by controlling the time period of energizing heat 
generating resistive elements in accordance with the proportion 
of black or white pixels contained in an image and the ambient 
temperature around the thermal head. 
[ 0005] 

[ Problems to be Solved by the Invention] 

However, the technique disclosed by Japanese Patent Laid- 
Open No. 60-23062 has to include means for counting the number 
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of black or white pixels, means for detecting the ambient 
temperature around the thermal head, and means for determining 
the time period of energizing the heat generating resistive 
elements in accordance with output of those means, which makes 
the configuration complex and hence expensive. The present 
invention is intended for solving the above challenges and has 
an object of providing a thermal head driving circuit that can 
significantly reduce unevenness of printing density with an 
inexpensive configuration. 
[ 0006] 

[ Means for Solving the Problems] 

To attain the above object, the thermal head driving circuit 
of the present invention is a thermal head driving circuit 
comprising an arrangement of a plurality of heat generating 
resistive elements and switching circuits for energizing and de- 
energizing the heat generating resistive elements, characterized 
in that the switching circuit has a constant current 
characteristic . 
[ 0007] 
[ Operation] 

Since the switching circuit for energizing and de-energizing 
a heat generating resistive element has a constant current 
characteristic, when the heat generating resistive element is 
energized, the electric current flowing through the heat 
generating resistive element becomes constant regardless of 
whether other heat generating resistive elements are energized 
or not. Therefore, even if there is a change in loss resulting 
from common resistance, constant electric current flows through 
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the heat generating resistive element and thus density 
unevenness can be prevented. 
[ 0008] 

[ Embodiments] 

Embodiments will be described with reference to drawings. 
Figure 1 shows the configuration of an embodiment of the thermal 
head driving circuit according to the present invention. In the 
figure, reference numeral 1 denotes a heat generating resistive 
element, numeral 2 denotes a switching circuit, numeral 3 
denotes an AND circuit, numeral 4 denotes a switching transistor 
(hereinafter referred to as Tr) , numeral 5 denotes a constant- 
voltage diode, and V B power supply voltage. 
[ 0009] 

In the configuration of Figure 1, when strobe pulse STB is 
at High level, High level is output from the AND circuit 3 if 
data DATA is at High level, which brings the Tr 4 into 
conduction to energize the heat generating resistive element 1. 
Here, assuming that the current amplification factor h fe of the 
Tr 4 is large enough, Equation (1) below holds: 

V z = V BE + Io x R s ... (1) 

where V z represents the inter-terminal voltage of the constant- 
voltage diode 5, V B e base-emitter voltage of the Tr 4, Io load 
current flowing through the heat generating resistive element 1, 
and R s emitter resistance. In Equation (1), since V z , V BE / and R s 
are constant, load current Io becomes constant, and constant 
electric current flows through the heat generating resistive 
element 1 totally irrespective of whether other heat generating 
resistive elements are energized or not, or whether there is a 
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change in loss resulting from common resistance. Accordingly, 
unevenness of density is not caused. 
[ 0010] 

In the configuration shown in Figure 1, it is obvious that 
when the potential at the position denoted as A in the figure is 
constant, the constant-voltage diode 5 of Figure 1 may be 
replaced with a resistor 6 as illustrated in Figure 2. That is, 
assuming the potential at position A is V A , Equation (2) below 
holds as with Equation (1) described above: 

Vr = V BE + I 0 x R s ... (2) 

where, since V A , V BE / and R s are constant, I 0 becomes constant and 
constant electric current flows through the heat generating 
resistive element 1. 
[ 0011] 

Figure 3 shows the configuration of another embodiment of 
the invention, in which the switching circuit 2 is composed of a 
field-effect transistor (FET) 7. The same components as the ones 
in Figure 1 are denoted with the same reference numerals, which 
will be true throughout the description. Since the FET 7 has a 
constant current characteristic, electric current that flows 
through the heat generating resistive element 1 during 
energization can be kept constant, which can thus prevent 
occurrence of density unevenness. 
[ 0012] 

Figure 4 shows the configuration of yet another embodiment 
of the invention, in which the switching circuit 2 is composed 
of a series circuit of the Tr 4 and an FET 8 . By configuring a 
constant current circuit with the FET 8, electric current 
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flowing through the heat generating resistive element 1 during 
energization can be made constant. 
[ 0013] 

Figure 5 shows the configuration of yet another embodiment 
of the invention, in which the switching circuit 2 is composed 
of a current-mirror circuit. Since electric current flowing 
through the heat generating resistive element 1 during 
energization is constant, occurrence of density unevenness can 
be prevented. 
[ 0014] 

While the embodiments of the invention have been described, 
the present invention is not limited to those embodiments and 
different variations are possible. In short, all that should be 
provided is a switching circuit having a constant current 
characteristic . 
[ 0015] 

[ Advantages of the Invention] 

As will be apparent from the description above, according to 
the present invention, density unevenness can be prevented with 
a simple circuit without performing complicated processing as 
has been conventionally done. 
[ Brief Description of the Drawings] 
[ Figure 1] 

Figure 1 shows the configuration of an embodiment of the 
invention . 
[ Figure 2] 

Figure 2 shows the configuration of another embodiment of 
the invention. 
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[ Figure 3] 

Figure 3 shows the configuration of yet another embodiment 
of the invention. 
[ Figure 4] 

Figure 4 shows the configuration of yet another embodiment 
of the invention. 
[ Figure 5] 

Figure 5 shows the configuration of yet another embodiment 
of the invention. 
[ Description of Symbols] 

1 ... Heat generating resistive element, 2 ... Switching circuit, V B 
... Power supply voltage. 



